The literature concerning relations between thoracic surgery and digestive motility is poor. The aim of our study was twofold: (i) to show a link between thoracic surgery and gastric distension and (ii) between post-operative pneumoniae and gastric distension.
INTRODUCTION
There are few data in the literature on digestive consequences of thoracic surgery [1] [2] [3] [4] [5] [6] , particularly in terms of upper gastrointestinal mobility. Recent publications have mainly highlighted an increase in the incidence of gastro-oesophageal reflux in lung-transplanted patients [6, 7] , mostly related to the use of immunosuppressive drugs. Meanwhile, it seemed in our daily practice that patients with gastric distension had more complications with infectious pneumonia. The aim of our study was two-fold: (i) to demonstrate a link between thoracic surgery (mainly lung resections) and gastric distension and (ii) between gastric distensions and infectious post-operative pneumonia.
MATERIALS AND METHODS
We retrospectively studied the records of 262 patients, who underwent a lung resection at the Department of Thoracic Surgery, University Hospitals of Strasbourg, from January to December 2007. Our study was approved by our local ethics committee on human research. In the case of neoplastic disease, a systematic lymphadenectomy was performed, whereas no nodal dissection was carried out for benign pathologies. Exclusion criteria were patients who did not undergo a lung resection. Uni-or bi-pulmonary transplant patients have also been excluded from this study. During induction of anaesthesia, all patients were fitted a nasogastric tube to protect the airway during surgery. The tube was removed routinely at the time of extubation. Regarding the resumption of feeding, patients received a light meal in the evening and resumed a normal diet the next day, in the absence of clinical laryngeal nerve palsy (marked by voice modifications or an ineffective cough).
The largest transversal diameter of the gastric air pocket was measured on plain radiographs of the chest performed in patients on postoperative Day 0 (D0, Fig. 1 ) and postoperative Day 1 (D1, Fig. 2 ). All of these films were made in anteroposterior incidence, on patients in a half-sitting position.
The postoperative radiograph at Day 0 was performed in the recovery room, whereas the radiograph on Day 1 after surgery was performed in the intensive care unit on an empty stomach.
In the absence of valid data in the literature, we created our own ratio to measure gastric distension. Gastric distension on postoperative Day 1 was defined by calculating D1/D0 ratio (R) for each patient. Three groups were defined: Group 1 (absence of gastric distension) for which R was strictly less than 1.3, Group 2 (moderate distention) for which R ranged between 1.3 and 2.3, and Group 3 (major distention) for which R was ≥2.3. The infectious pneumonia was defined using the definition of the Center of Disease Control [8] . This was suspected in the case of the appearance of yellowish or greenish sputum, a positive sputum bacteriology during culture or more than 25 leukocytes per field in the cytobacteriological examination of the sputum and the combination of at least two out of these three signs: temperature >38°C, leukocytosis >12 000 or radiological changes (appearance or modification of alveolar or interstitial infiltrates). Chest radiograph on Day 5 was selected as a marker of evaluation for infectious pneumonia. Factors favouring bronchial obstruction have also been studied: smoking, thoracic epidural analgesia, preoperative forced maximum expiratory volume per second (FEV; <70% for pneumonectomy, 50% for other types of resection), neoadjuvant chemotherapy, chronic obstructive pulmonary disease (COPD). All patients had received postoperative antiobioprophylaxy consisting in an association of amoxicillin-clavulanic acid (1 g/6 h IV for 48 h) or levofloxacin (500 mg/12 h orally for 48 h) in the case of allergy to β-lactam antibiotics. A history of surgery on the upper digestive tract, lymph node dissection, the type of resection and postoperative non-invasive ventilation (NIV) were also taken into account.
STATISTICAL TESTS
Comparisons were made using χ 2 -test and Fisher's exact test. A multivariate analysis, for the predictive factor of infectious pneumonia on post-operative Day 5, with stepward logistic regression was performed for P-values inferior to 0.2 in the univariate analysis. Statistical significance was obtained for any value of P < 0.05. All statistical analyses were performed with SAS software, version 8.02 (SAS Institute, Inc., Cary, NC, USA).
RESULTS
The characteristics of the study population are described in Table 1 . The population consisted of 73 women and 189 men. The median age was 59.9 years (range, 20-83 years). Group 1 consisted of 194 (74.05%) patients, Group 2 of 53 (20.23%) and Group 3 of 15 (5.72%). According to the type of resection, moderate and major gastric distention were statistically more prevalent in the pneumonectomy group than in other type of resection (33.33 vs 18.91%, P < 0.04 and 12.5 vs 5.04%, P = 0.04).
Regarding smoking status, 44 (23.66%) smokers showed a moderate distention and 12 (6.45%) a major distention vs 9 (11.84%) and 3 (3.95%) of non-smokers, respectively (P = 0.05). A history of surgery on the upper digestive tract, thoracic epidural analgesia with opioids, postoperative NIV, gender, age, side of surgery and mediastinal lymphadenectomy were not associated with gastric distention.
The data of our population, according to distension group and post-operative infectious pneumonia, are reported in Tables 2  and 3 , respectively. We observed 37 (14.12%) infectious pneumonia cases on Day 5. According to gastric distention, 8.25% (n Post-operative infectious pneumonia was recorded in 8 pneumonectomies against 29 patients in the group of other type of surgery (33.33 vs 12.18%, P = 0.01). Patients with COPD, those not receiving thoracic epidural analgesia by opioids and those who have benefit from a neoadjuvant chemotherapy developed significantly more infectious pneumonia (30.98 vs 7.85%, P < 0.0001; 18.5 vs 9.44%, P = 0.03; and 24.14 vs 11.27%, P = 0.01, respectively). Pre-operatively smoking status had no influence on the incidence of respiratory infectious episodes. FEV < 50% (or 70% in pneumectomy patients) did not induce more pneumonia (P = 0.85 and 0.63).
The multivariate statistical analysis ( 
DISCUSSION
Postoperative infectious pneumonia in thoracic surgery occurs in between 5 and 10% of cases [9] . Incidence of respiratory failure following pneumonectomy ranges from 4 to 7% [10] . The major risk is an evolution into an acute lung injury or an acute respiratory distress syndrome (ARDS). Patients who develop an ARDS after pneumonectomy reach a mortality of >80%, compared with 65% for all patients [11] . For these reasons, a prevention or an early diagnosis is mandatory as the research of risk factors.
Several risk factors of pneumonia have been described in the literature. To Bonde et al. [12] , COPD patients, smokers, the non-use of patient control epidural analgesia (PCEA), the preoperative FEV and the neoadjuvant chemotherapy are such factors. In our study, in accordance with the literature findings, COPD patients, those who did not benefit from a PCEA and those who have benefit from a neoadjuvant chemotherapy developed significantly more infectious pneumonia (although in multivariate analysis, only neoadjuvant chemotherapy and COPD emerged).
However, to the best of our knowledge, it is the first time that gastric distension is shown as a possible independent factor promoting pneumonia. In our study, the risk of pneumonia increased with the degree of gastric distension. Indeed, only 8% of patients with no gastric distension developed an infectious pneumonia, whereas 26% of patients with a moderate gastric distension and nearly half of the patients presenting a major gastric distension developed a pneumonia. Our multivariate analysis is an important argument showing that gastric distension seems to be an independent factor of post-operative infectious pneumonia. The risk for developing an infectious pneumonia for patients with a moderate gastric distension is multiplied by 6, whereas it is multiplied by 16 for patients with a major gastric distension, compared with a patient with no gastric distension. Concerning the physiopathological process of gastric distension; even if we were not able to prove that the mediastinal lymphadenectomy is the primary mechanism, probably by a lack of power of our cohort, we strongly think that it is. Indeed, the extrinsic innervation of the stomach involved in the control of gastric emptying is ensured in part by the vagus nerve [13] . Part of the autonomic nervous system, parasympathetic cholinergic fibres of the vagus nerve stimulator is partly responsible for motility and antro-corporeal control of pyloric tone. During pulmonary resection and, in particular, when performing the mediastinal dissection, microscopic injuries of the vagus nerve with lesions of parasympathetic fibres may occur. The right vagus nerve can be affected during lymphadenectomy of station 4R. Meanwhile, the left vagus nerve can be injured during lymphadenectomy of Station 5. Both vagus nerves could be affected at the same time during the lymphadenectomy of Station 7. Indeed, both nerves run along the anterior oesophagus surface and can be injured if the dissection is performed too far.
This leads to a reduction in the stimulator function of the pneumogastric nerve, with consequently pyloric hypertension and antro-corporeal hypomotricity.
The distention of the proximal stomach induced by this gastric distension is responsible for an increase in the gastrooesophageal pressure gradient suffered by the lower oesophageal sphincter (LOS). This results in an increased frequency of transient LOS relaxations, often associated with relaxation of diaphragmatic hiatal orifice, favouring gastro-oesophageal reflux disease (GERD) in 65% of transient LOS relaxation episodes [14] .
In parallel, the lesions of the vagus nerve are also responsible for alteration of oesophageal peristaltic contractions. In our cohort, pneumonectomy increased significantly the incidence of gastric distension. In the case of pneumonectomy, there is a back-shifting of the oesophagus towards the pneumectomized side [15] . There are indentations of the oesophagus against trachea, bronchi or aortic arch, which are responsible for dilatations at various levels.
All of these oesogastric changes, mainly whether they are associated to an abdominal hyperpression factor, contribute to the occurrence of pauci-or asymptomatic GERD, probably responsible for aspiration pneumonia [14] .
Moreover, pneumectomized patients, who developed gastric distension more than the other types of surgery, developed significantly more infectious pneumonia on Day 5 than other patients (33.33 vs 12.18%, P = 0.01). This is a further argument suggesting that gastric distension is an independent factor of post-operative infectious pneumonia.
We concurrently observed that smokers developed significantly more gastric distension. In our knowledge, there are no data in the literature concerning this kind of side effect of the tobacco. It is usually known to accelerate the gastric emptying [16, 17] . This may be due to a statistical bias, because of a majority of smokers in our cohort.
Opioids are known in the literature to slow down the gastric emptying favouring gastric distension [18] . In our work, we did not observe an influence of thoracic analgesia by PCEA on the occurrence of gastric distension. In the same way, the postoperative use of NIV, the past medical history of surgery on the upper gastro-intestinal tract and the side of surgery were not predicting factors of gastric distension.
To deal with gastric distension, our team usually fit a nasogastric tube. It seems to be a temporary solution to aspirate the digestive contents and limit gastric distension and its impact on the LOS. But this tube must be removed a few hours after being fitted, because of the risk of worsening the gastro-oesophageal reflux. In the absence of improvement, in addition, we usually use erythromycin, an antibiotic from the macrolide family. It promotes gastric emptying through its action on motilin receptors, but it sometimes involved very disabling nausea. Several other pharmacological treatments have been proposed to deal with the gastric distension [13] : antagonists of dopamine receptors (metoclopramide or domperidone) accelerate gastric emptying and improve antropyloroduodenal motor coordination. The use of metoclopramide is limited by its side effects, including central ( pyramidal syndrome, dyskinesias). Cisapride (agonist serotoninergic 5-HT4) accelerates gastric emptying. Other treatments, such as antagonists of cholecystokinin, 5-HT3 serotonin antagonists and electrical stimulation, have been proposed, but are not used in practice or remain in the experimental field. We do not have any experience with these kinds of drugs. Because of the retrospective nature of the study, it was difficult to collect all of the bacteriological data. Pseudomonas aeruginosa, Klebsiella pneumonia, Escherichia coli or Staphyloccocus aureus are germs which are usually found in the case of nosocomial aspiration pneumonia [19] [20] [21] . It would be interesting in the context of a prospective study to determine whether the bacteria found in the lung are germs of digestive origin, which would provide an additional argument to the gastrointestinal origin of pneumonia.
CONCLUSION
In our cohort, we have highlighted a link between pneumonectomy and postoperative gastric distension and showed that gastric distension is a independent risk factor of post-operative infectious pneumonia. Even if we were not able to definitely prove it, these statements appear to be related to alterations in gastroesophageal motility secondary to lesion of the vagus nerve, with GERD induced. Because of the socio-economic consequences of pneumonia ( particularly in terms of duration of hospitalization, ICU stay and the risk of death in pneumectomy patients), a multicentre prospective study would be desirable to confirm these preliminary data. It also seems legitimate to detect gastric distension in order to treat this state early and, of course, to minimize the intraoperative trauma of pneumogastric nerve.
Conflict of interest: none declared. Dr Renaud: The first conclusion is that everything must be done to preserve the vagus nerve during mediastinal lymphadenectomy and, of course, during the postoperative course if indicated by the chest radiography or if the patient is symptomatic, the stomach must be deflated with a nasogastric tube just to suck up the air. But the use of prokinetic drugs such as macrolides like erythromycin or domperidone can reduce the volume of the stomach and decrease the risk of infectious pneumonia.
APPENDIX. CONFERENCE DISCUSSION
Dr Leschber: But when you put in a gastric tube, do you take it out right away and then the next day see what the chest X-ray shows, or do you leave it in, because if you leave it in, you also have the risk of reflux along the gastric tube.
Dr Renaud: We leave it in but only for 1 h, and we get another chest radiograph the next day.
Dr H. Eid (Dubai, UAE): Do you use some sort of phrenic nerve palsy partially by injecting Lidocaine after resection in your patients? Obviously this affects the diaphragm which may go up a little bit and therefore there is gastric paresis.
Dr Renaud: Excuse me, could you rephrase your question, please? Dr Eid: Phrenic nerve palsy. You may induce partial or temporary paralysis of the phrenic nerve.
Dr Renaud: To repair the phrenic nerve during the surgery? Dr Eid: Yes. Dr Renaud: No. If we use a device to detect the phrenic nerve during the surgery? No.
Dr Eid: So what is your explanation for this gastric paresis? Do you think it is related to the anaesthesia itself or the surgical technique?
Dr Renaud: Probably the device which I used to do the dissection, which raised the temperature; the temperature may be responsible for lesions of the phrenic nerves, but I don't think it is about the technique.
Dr Hansen: In your paper you looked at procedures all done by thoracotomy. Have you any idea, if the patient had maybe a VATS procedure done and was mobilized very fast, whether that would diminish the gastric torsion?
Dr Renaud: If the patient is mobilized faster? Dr Hansen: If the patient is mobilized, getting out of bed very fast maybe due to a minimally invasive chest and so on, could that diminish-I know you don't study it in the paper-but could that diminish the amount of gastric distortion and the complications?
Dr Renaud: Maybe, maybe. Dr M. Shackcloth (Liverpool, UK): Preoperative fasting, the length that you fast your patients, has been shown to be related to gastric paresis afterwards. Did you monitor the length of time the patient was fasted preoperatively and did you find that this made a difference at all?
Dr Renaud: Excuse me, I did not understand. Dr Shackcloth: The length of preoperative fasting time has an effect on gastric paresis postoperatively. Did you take this into account at all? Dr Renaud: No, no, we didn't. Dr Shackcloth: And another question. Did you use anything fairly subjective looking at gastric dilatation? Did you try any radiological methods or looking at factors such as paracetamol absorption to give you a much better quantitative measure of gastric emptying?
Dr Renaud: To measure the gastric distension? Dr Shackcloth: That is fairly subjective. You could use radioactive tracers or paracetamol, which is absorbed purely in the small bowel. That would give you a much more quantitative measure of gastric emptying.
Dr Renaud: We didn't. Dr M. Mueller (Vienna, Austria): I really like the idea of an irritation of the vagus nerve that can cause gastric distension. For me, it is hard to understand or to believe that irritation of the vagus nerve on one side leads to the consequences you have shown. There is an old operation which was done in the era before we had all the drugs to block acid production, which was selective proximal vagotomy, and we learned during these operations that there is a huge network of the vagus nerve on both sides of the oesophagus and also of the stomach. So irritation of the vagus nerve on one side should not really lead to these severe consequences. So for me it is difficult to believe that this is really the main reason for the problem.
Dr Renaud: Maybe it is an acute state, maybe the symptomatic time to compensate the problem with the other vagus nerve. I don't know. But in our review, we have seen that and it is the only explanation we have for the movement.
Dr J. Kuzdzal (Krakow, Poland): I did not fully understand your technique for the measurement of gastric distension. If the stomach is distended by the fluid content, we don't see it on the chest X-ray and we in fact cannot assess the distension with the fluid. However, regarding the air distending the stomach, it is also quite often seen that there is a superimposition of the gas filling the colon on the gas bubble in the stomach, and it is also difficult for me to discern these two situations. I doubt whether this kind of measurement is really accurate.
Dr Renaud: Concerning the dilatation of the bowels, if we had a doubt between the stomach or the bowels, these patients were excluded. For us, we ensure that all the measures that have been done are measured down on the stomach. And concerning the measure, of course, if it is distension with liquid, we were not able to measure it. Thoracic surgeons are familiar with identifying gastric distension on portable chest radiographs early after major lung resection. This finding typically resolves spontaneously during the ensuing postoperative days. The aetiology of postoperative gastric distention is unclear. When present on the immediate postoperative film, it is likely attributable to air insufflation into the stomach during bag-mask ventilation upon anaesthetic induction or while changing from a single-lumen to a double-lumen endotracheal tube. Ineffective bag-mask ventilation due to difficult patient characteristics (e.g. obesity, obstructive sleep apnoea, etc.) or poor technique is more likely to result in this finding. A separate group of patients exhibits maximum gastric distension on postoperative day 1, and this is not likely to be attributable primarily to air insufflation by the anaesthesiologist. Instead, it is more likely a result of swallowed air that has not passed further into the gastrointestinal tract. That such distension is not usually evident in patients who are electively left intubated overnight after lung resection (usually without a nasogastric tube) for planned early extubation the following morning raises the important question of whether impaired gastric motility is a necessary precondition for such gastric distention.
The paper by Renaud et al. [1] published in this issue is the first to quantify the extent of gastric distension present after major lung resection, determine clinical factors that are associated with its development, and suggest an aetiologic relationship between the presence of gastric distension and the development of postoperative pneumonia. It is likely that in their patient population gastric distention was due to swallowed air rather than insufflated air: patients routinely had a nasogastric tube placed during their operations, and, importantly, the authors studied the development of gastric distension that occurred between postoperative days 0 and 1.
Some study design choices the authors made may have had a direct bearing on the outcomes of the study. The categorization of ratios for gastric distension apparently was arbitrary. Rather than using cutoffs of 1.3 and 2.3, other options might have been 1.5 and 2.0, or 1.5 and 2.5. Whether these values were chosen prior to the data analysis is unclear. In addition, the selection of postoperative day 5 as the determinant of whether pneumonia developed was also arbitrary. In an ideal study, any pneumonia attributable to the operation would have counted as an infectious complication.
The authors logically attribute gastric distension to vagal nerve injury that occurs as a result of mediastinal nodal dissection. It is less obvious why gastric distension was more pronounced after pneumonectomy than after lesser operations. The anatomic rationale provided by the authors is not immediately convincing. It would be interesting to know whether there was a preponderance of left-sided pneumonectomies, which theoretically might have permitted greater gastric distension owing to elevation of the left
